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CORRGSIO!N STABILITY CF LOW-CARBON AMD LOW-ALLOY STi3LS IN SEA WATZR

G. G. Kosheley and I. L. Rozenfel'd

Carbon and low-alloy steels are basic materials for building of shions and
hrdrotechnical constructiuns. C(orrosion stability of carbon and low-alloy steeia
in sea water has teen studied by many authors: however, there is no single opinion
on the question of the apnraisal of corrosion stability of steels in sea water.
G. V. Akimov [ 1_7 considers that. the structure of metal nlays a subordirate role
and does not have an essential influence on corrosion stability of steels in sea
water.

A. A. Babakov, 7, F.' I\'egrevev, et. al. [ 2], on the basis of tests of
corrosion stability of d:.,fferent steels conducted in the Caspian sea, ccnside -
that Lhe speed of corrosion of low-alloy steels SYhLF and SKhLF2 is 10--12 0/0
less than that of carbon steels.

Steel 12 with addition of 1 0/0 aluminum or with addition of 3 0/C
chromium has a sneed of corx:osion 25--30 0/0 lower than that of carbon steels.

3. G. Vedenkin [ 3_], on the tasis of laboratory investigations, considers
that low-allq  steels nossess higher corrosion stability in sea water than do
carbon.

Cereralizing results of tests of steels at marine corrosion stations in a
number of countries, F. lLa-Ke /4 / arrived at the conclusion that alloying
additions in quantities of no more than 5 0/0 have practically no influence on
the smeed of corrosion of steels in sea water. Yu. R. ivans / 5_/, conversely,

affirms that introduction of small additions of copper, aluminum ard mangarese

1




|
“®
[YS
)
[1
.'5
r
»
3
(L4
&
5
:'ﬁ
i
s
1]
"
0
3
g
@
[
{
3
[l ]
(e d
(»
[}
e
|uJ
odu

(4

3
[}
o
i
Mad
[}
2
Iy
[ J
-
5
5
[y

In the work of Hudson and Stanulrs [ 6] are given results of five-year
‘ tests of more than 60 types of different steels in atmosphere and in the sea.
s Results of tests of steels in the sea showed that additions of N1 and Cr of up to
J 3 0/0 increase corrosion stability only in initial period of test (up to two years):
after five years the spsed of corrosion of lcw-alloy steels is of the same order
as that of carbon $teel. Increased corrosion stability in the sea was shown or'y
by steels containing alumiqum and chromium. The different opinions about ti.-

corrosion stability of carbon and low-alloy steels in sea water do not allow a

Y -

simple answer to the question of what kind of steel it is expedient to apply in

nava; shipbuilding and in tﬁe building of naval hydrotechnical constructions.
Thersfore the Institute of Physical Chemistry.of the Academy of 3ciences of

USSR, together with the factory imeni, Il'yich conducted work in the investigation

of corrosion stabilit& of the steels Steel 3, SKhLl, 151, and MK in the sea.

g ‘ Tests were conducted for the purnose of ascertaining the influence of alloying

commonents, thermal processing, and the presence of scale on the corrosion

IS
* A

stability.of the enumerated steels. All the types of steels were smelted bv tic
factofy imeni. Il'yich in open-hearth furnaces by factory procedure. The
chemical composition of the steels is giver inTable 1; Rillets were rolled to
sheet 3mm thick. Some of the sheets were additionally subjected to normalization
at a termerature of 900° and sutsequent tempering at a temperature of 650°. Thus,
all trpes of steels were prepared for tests in three forms: 1) as-delivered; 2)

heat treated with scale; 3) heat treated without scale.
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Table 1
Chenical comnosition of studied steels
T Compmemmiimmeron % T
Mapua ‘
am 1o Nn a | r s ce " Ce
3 Cr.3 0,45 0,42 Ca’ml 0,024 0,037 — R -
Jcxas |o48] 0,53 0,50 | 0,634 | 0,00 0,88 0,28 0,34 .
£MC 042§ 0,99 0,99 0,028 0,026 0,25 ¢ 1,08 0.33
‘ MiS 0,121 1,5 0,88 0,031 0,028 0,14 | Crean 0,40

1) Type of steel; 2) Contents of elements, O/O; 3) Steel 3; 4) SKhLl; 5) MS1;
6) MK; 7) Traces.

Samples with dimensions of 260 X 180 X 3 mm were fixed in steel frames (Fig.
1l). For fhe nurpose of assuring insulation the samples were secured by porcelain
insulators. Frame with samples was nlaced on a floating stand (Fig. 2). With
this the upner row of samples was disposed at a depth of 300 mm from the level 7
the sea, and the lower at a deoth of 850 mm.

Test of samnles was carried out at the corrosion station IF¥h in Dalt'::i:e
Zelentsy Payr on the Rarents Sea.

The comnosition of the sea water at the test site corresnonds to the
comnosition of ocean vater.

3~eed of Corrosion of Steels in the [arents Jea

Nata on the corrosion of steels after six ;ears of full suhmersion in the
sea are given in Table 2. From table it follows that the lotal corrosion effect
after six years constitutes 2.5--3 kg/xnz, or 420--600 g/m? ver year.

For convenisnce of comnarison of corrosion stability of the tested steels, the
weight losses of Steel 3, at all forms of nrocessing, are taken as 100 O/0. The
given datz show that tie corrosion stability of low-alloy steels in the rolled

state is 20--28 0/0 creatsr than that of Steel 3.
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Thermal nrocessing of low-alloy steels does not have an essential influence
. Loas of weight of heat-treated steels
less than that of the same steels in the rolled state, bat this, apnarently,

stipulated by the nartial destruction of scale during of heat treating.

Fig. 2. Floating sea stand.




Thermal processing of low-alloy steels does not have an essential influence
on their corrosion stability in sea water. Loss of weight of heat-treated steels

is less than that of the same steels in the rolled state, but this, apnarently,

is stinulated by the nartial destruction of scale during of heat treating.

Fig. 1. frame with samoles, lifted above the sea stand.

Fig. 2. Floating sea stand.



A8 a result of this scale was reroved from heat treated steels in the first rears
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nrobable, stinulated tle somewhat higher s-eed of corrosion of steels in the

rolled state.

Steel !53] corrodes at a samewhat lower s»eed than other steels witnh a shot-
nerred surface -- its loss in weight was less (420 g/h? ner ear) -- and stesl
37hL1 disvlays the tiggest losses in weight (520 g/h?). Steel 3 and .77 ~couny
a middle »n3ition. Steel 3, .31, and ¥ alter shot-ocening have smaller 1,338
»f weirht than steel JYhLl. In general, the weight 1osses of carbon and low-alloy
swezls from which scale has teen removed are aonroximately identical.

Tatle 2

wverage soeed of corrosinn of steels of different tr~es in tha Farents Sea
after six ears

| Bwa 06paGorim criae .
l'" »er] ::ear:lu spsants 32 100%)
7 Hporar ¢ oxaanmod Cr.310 3840 840 400
cxn/’| 3080 | 513 2
MC11¥ 3140 | 53 81
MK,>! 2950 { 48 7]
? Tepuuyecku ofiaborammuwe ¢ oxaxmsok | Cr.3 /9 20101 488 100
CXN1i7 3010 | 501 108
MK /3| 2810 | 468 %
q Tepunseckn oGpaGotannue apoGecrpyen- | CT-3 29 2520 | 470 100
nue CXJli 11} 3160 § 512 100
MCt ™% 2500 | 420 ®
MK % 2600 | 448 %
1) Tive of ﬁroée331ng of steels: 2) Tyae ~f steel; 3) 3need of corrnsisn -- Loss
of weight, £/=%; 4) After 4 years: )) average wer ear; 5) “elationshis o’ s~eed of

caorresion 3? steels of various t:mes(3teel 3 taven as 170 /T 7) Polling with
scale; 2) ¥Yeat treat2d with scale; §) leat treated, snot—wee.,d, 12) steel 3; 11)
Svhll: 12) 31; 13) K.

almost
1oss of weirht 5f steel 53°hil with scale and without sgcale was/ identical.




In Fir. 3, 4, and 5 are given curves of the time denendence of corrosion of
steels, Jneed of corrosion of steels with time decreases. This anparently i
exnlained by trne fact that in the firat years of tests occurs destruction of scale
n2curs, a3 a result of wnich the weight lcsses of steels are higher in the initial
ner:~> of corrcsion., In suis2quent jyears the snzed =f corrosion of 3steels is less,
awing to the abhsance of welpht 1lo3ses rcaused by destrustion of scale and to a
certain trraring of s»eed of corrosion due to overprrowth of the metal surface by

sroducts »f corrosion. oSteel 3 in the as-delivered state during the nerind ol

8ix years was cnrrodad at tne hiphest sneed, and steel [V--at the l-west.
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Fip. 3. Loss of weipht o7 samnles of steel of different i:mes i as-utel::rad
state, nlaced in sea in for 3six years.
1--Years; 2--{g/mm®; 3--Steel 3; L--i%31: 5-=3VhL-h: €-=1H.

’)uﬁ'
o

150
m
. v’

' 1 A

13 9
d » s . @0
1 redw

’

Fip. 4. I1o3s of welipnt of heat treated samnles of steel nlased irn sea in
for six rears, ' '
l--Years; 2-4--same as Fip. 3.
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Fig. 5. Loss of weipkt »f sam»oles of steel without 2~alz, »laced in sea
f»r 3ix years.
l--Tears; 2-~i--jare as Fig. 3.

Table 3

Steel sarple surface area on which scale ias retained after six-rear tests
in the Tarents Sea

acmazs, na novopol COZpame-
- 2 RACH ORLEIRS
[} Mapws
cranm Baa ofpaborrs cramt % or .
e emt HOoSePINOCTR
-/ oSpesnoe
cr3 , 9 nNpoxar 3 4
5 Tepunsecxn ofpaGorannuse 23 2
{10

cx1 6 1 nNpoxar 2 2
Tepunvecxn olpaGorTannue 10 1

Y4
' MCt g 9 iipoxar 405 82
Tep;a;qecu obpaGoramnue 127 14

]

ME B f tlpoxar 242 28
Tepunweckn ofpaGorannue 69 7

/0

1) Trpe of steel; 2) Form 3f ~roacessing of steels; 3) Area on which scale was
r;ta***i, 4) 0/0 of peneral surface area of sanoles- 5) Steel 3; 4) S4nLl; 7) i31;
2) il Q) Rolling; iC) Meat treated.




Stoel in the heat treated condition corrodes at a somewhat lesser sneed
(Fig. ) than steel in the as—delivered state. 3nead of corrosion of steels
with shot-neenaed surfaces i3 less than that of steels with scale. This
irdicates the sipnificant role of scale in strengthening corrosion. Carbon
and low-allny steels free from scale corrode In sea water at annroximately
identical sneeds.

From the data nf Table 2 it follows that weight losses of steels in
the as-delivered state are, on the whole, 137 larger than those of hcat
treated steels with scale. To ascertain the factors affecting the corrnsion.
resistance of as-delivered and heat treated steels, tLé surface area on which
scale remained afler lests was calculated. Jaleculation data are nresented
n Table 3. From consideration of the table it follows that or as-delivered
samnles of steels the surlace avea on which srcale wus retaired is 2--3 times

rreater than tiat on heat treated samnles.

P



Aomarently, heating ol steel steets to high temmeratires leads to additional
rrowth of scale and the annearance in it of micro-cracks due to the different
coefficients of exnansion of scale and base metal--steel; this vromotes faster
destruction of scale., ‘eight losses of steels in as-delivered state were
somewhat larger than those ol heat treated steels. This, annarently, was stinulated
b the more n»rolonged work of the scale retal palrs on steels in as-delivered
state. Cn samnies of steels !31 and !, scale was retained significantly longer
than on Steel 3. This, probably, was stinulated by the nresence of alloying
comnonents in the steels.
It was noted that steels with scale have a more clearly expressed inclination

to corrosion with Tormation of deep pits. To clarify this -henomenon, ootentials

are rieasured of sections with and without scale orn nne and thes same samnle of
ever tested trme of st2el nnder incomnlete =aolarization of the srystem. The lat:e
vas attained tr an»lr-ing, by snmecial orocesses, elecirolrte only »n section ul se
notential was measured. lleasuirement of notentials was conducted in sea water.
‘masurement data are -»resented in Table 4. From an ezamination of the table it

is clear that sectiomns without scale have rore negative -ntentizls than zectiors,

covered with scale, The difference of note-tials of these sectinns for steels

5711 and M31 constitates near 27 miillivalt, but for Steel 3 and [ -- oni 1
millivolt.

Thus, ot s irface of ste~ls there are comngratirelr sirons zairs wrere the
caltrode is the sectiorns, covered with scale, a-l the anode —-- seccions of steel

witho:t scale. J3ince on steels 3:hll and 131 the difference of notentials of
these sections is greater than on 3te2l 3 and ¥, the inclination of these steels

to nitting with formation of deen seats I3 signiflicantly larger.




Table 4

3irface notentials of samnles on sections with and without scale in sea water
(in relation to hydrogen electrode)

o ¥
| Map~a Norennnaxn Doresuman Pziocn
craam TRacruos Ges JRACTNOS € BOTERINANOS,
OKI/INNM, Me OXIANROR, M0 F ¢
S Cr.3 -2 —308 14
G CXJit —323 --297 28
9 MCt —321 —299 28
{: MK —360 —346 14

1) Tyne of sieel; 2) Potential of 3ections without scale,millivolt; 3) Postential
of sections with scale,millisolt; L) Differerce of potentials, millivolt; >
3; 6) 3¥hLl; 7) 131; 8) X

Nenth of Corrosion Pits Cn 3teels After Tests in the Earents jea

veipht losses of steels duie Lo pitting cannol cecmoletelrr characterize their
tehavior in sea water, especially since the differc¢nze in weirsht losses of low-
alloy and carton steels is insigrificant. 1In this case data on the denth of
corrosion nits are ore »f main indices characterizing the corrosion tehavior o7

sieels in the sea.

Table 5

~

Tatle 5 Cn ollowing

23}

(3ee
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Table 5

Denth of corrosicn »nits on steels tested in the Farents Sec
(original thickness of samnles, 3mm)

3 Tayoaxs A, un ’
. C 5 Bee
Cnocnd o8- 3,pna ywepu 2, 3roza | 7wpes § roxs S sepes § mer ":.auu-
prone | craes L > | wb /4 ¢ aer wop-
craaed cpcf: zamboan- | epea- | ma { manboxs- |posmn, smised
) 2 l MHR man nan wan . man

cr3i? lose!| 0,79

0 0,63 0,23 0.41 0,082
cx’d1 Wloeo| 071 {0

0

0

27

450 078 | 044 | 09 0,066
38! 091 | 0,37 | 1,00 0,069
371 085 | 0,26 | 0,65 | 0,009

MCt ¢C} 0,44 0.9
ME ;g | 0,41 | 0.61

-
o
Hpoxatamnde

]
Cr3 /70,471 0,70 | 0,30 0,68 0,49 0,43 0,062
CXJa1 410,40 0,45 }0,27] 0,58 0,28 0,70 0,084
0,55
0,53

-~
=
Tepmoobpadc-
TANNNC

MCt 810,47 0,84 |0,28 0,30 0,61 0,060
MK ;| 034 0,81 0,27 0,23 | 0,57 0,060

crt3/?1932] 05 |02] 057 | 049 | 0,3 | 0,060
1 CXJat/¥fo0,42] 0,59 |[0,211 0,65 0.22 0,71 0,068
MC! £ €[ 0,34 | 0,47 0,23 | 0,43 0,054
MKy, 03} 051 020 0,5 | 0,18 | 0,49 0,057

-

,'lpu&cv,o;gu-
uise
£
8
e
3

1) tiethed of orocecsing of steels; 2) Type of steels; 3) Denth of nits, mm,

1) after 2, 3 rears; 5) average; &) preatest; 7) afier L ears; ) af‘er 5 .cars;

¢) .verare loss of tricimess after 5 rears of corrosion, mafvear: 10) Eolled;

11) Ueat itreated; 12) shot-»eened; 13) 3teel 3; 14) 3rhll; 15) 931; 16) &X.
Teasurenenrts of the de-th of attaz: were made t;- 18 on toth sides of

samnl2s at twentr ~olnis on a diafoaal. Dentn of »ils was reasurad at ten noints

in the deenest »nlaces. In Tatle 5 are given data on the denth of »its in stieels

tested in ‘he Tarents 3ea. Trom examirnation ol the table it is clear that the

crzatest _c¢nth of oits was obtserved at the end of two rears' immersion of the

steels in the sea; in subsequent ears the average denth of »its was somevwhat

decreased. This is stinulated by the fact that ia the {irst ;-ears of the test

c-rrosion nr-~ceeded on s-all anodic sectisns in nlaces where the scals was

L1




darmaped. .ith an increase in test time the surface of the anodic seations
increased due to destructiorn 57 scale, and as a result of this corrosicn nroceeded

flowed more evenly orer t.e whole surface of the samnle.

§.lﬂr 3“14
ne-t
i 44
g
\ ; ., 8
3
s'evL
(3
304
$ on3
i
o feln

Fig. 6. Crange with time of deoth of «orrosion nits on steels in time.
30l1id curves--as-delirsered; dotted cirves--without scale

l--Average denth of attach, mm; 2--Years; 3--3:hL-1; L—I5-1; 5--1%;
b6--3teel 3.

[

n Tip. 5 are nresented curves of change ir tirme of denth »f ~its on steels
with and without scale. Trom the drawing is clear that denth of corrosinn nits
on steels of all t;mes decreased with time. rrom tle drawing also it is clear
that ¥ steel corrodes the most evenl:r. Deewer corrosion nits were detected on
steels 37hLl ard !131 with scale. In serarate nlaces the denth of »iits on these
steels attaired 1.5 mn; on two samnles the attacxk went through.

In the last column »f the tables are »resented data on the decrease in
thicimess of steels, calculated {rom their weipht losses after six ears. The
3 oo

thickness of the steels was decreased by C.00-=-".7C mi/ear; the 4.{ference in

the decrease of thiciiness of different steels was insignificant.

~banges of ‘‘echanical Pronerties of Steels Cwing to Corrosion

Another very imnortant index of corrosion of steels is the change in their
mechanical -~ronerties in the process of corrosion. Ultimate strength after
corrosion is also characterized by the irregularity of corrosion, since failure

occurs in the weakest section of the samnle. In Table 6 are given data on the

12




loss of mechanical nroperties of stuéls during f;ll Submersion in the sea, after
five-sar tists, In the calculation of loss of recbanical properties, loads were
referred to the initial- section of samples.

From examination of the table it follovs that loss of vield point ¢ s and
1ltimate strength or for steels with diflerent processing constitutes 20--35 0/0

after five vesrs,

Loss of nlastic nronerties 3 by steels during the test period was somewhat
e

less, however, constituting 10--30 0/0. 3teels with shot-neened surfaces showed

a somewhat smaller loss of mechanical properties, especially nlastic.

Steels 3¥hll and !i51 disnlaved the greatesu loss of mechanical properties
with all forms of processing, and steel Ml~-the least. Plastic properties of
steels SKhLl and 31 were lowered twice as much és those of steel K.

In Fig. 7 are nresented curves of change of yield point ¢g (1) and ultirate
strength ‘B (I7) of as-delivered due to corrosion. The curves have a larre
inclination angle in the first two year of tests,which attests to the signifi .t
decrease of yield in this period. This is exﬁla;ned by the fact that corrosion
in the first years of test of steels with scale proceeds mainly at the cxnense
of formation of local pits in nlaces where scale is brbken or comnletely removed.

After Lwo yeérs the curves of yiseld noint ahd ultimate strength have a
ver: insignificant slone, which is exnlained Ey great uniformity of corrosion.

Cn the same draxlnr are shown curves of cqange of vield noint (II) and
nltinate strength (') of heat treated steels in the course of the tests. From
the drawing it is clear that steel SthLl wlth va?iant of nrocessing showed the
most significant losses of yield point. ; |

The mechanical nroperties of low-alloy steels with shot-neened surfaces are

lower _with time to an apnroxirmately equal degreqi(curves IIT and VI, Fiz. 7).




Fig. 7. Change of yield point.,5 and tensile strenpth on during corrosion

of steels in sea water.
I~~I[~-with scale, as-delivered; II-7--with scale, heat treated; 1II--7I--

without scale. .

l-=Mfonths; 2--og, Kg/hmz; 3==T; L==i{3-1; 5-~3thL-l; 6--3teel 3 (3-6 are

the same in all diagrams).

That fact that 1K steel with all Torms of nrocessing has annroximatsly
idertical losses of mechanical oronerties Indicates that this steal crrrcdes rore
evenl than the other steels. This confirns our conclision, made on tiie basis of
tte axterral annearance of samnles of 77 stee],

As was already indicated, the gpreatest loss of mechianical properties with

all variants of nrocessing was shown ;- steel JKhng- Lérge losses of mechanical

"'*‘“‘_E\}’Ss”éfﬂ:t,é‘s/by steel of this t;me are stinulated mainly bty the fact that its

corrosion nroceeds less evenly than that of the other stesls tastad, with tha

i

formatior of local deen nits,
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Jtesl {31 Iir magnitude of 1-sses of rechanical aronerties occunies second

-~-nlace,—

echanical nronerties of steel 3 arior to tegi‘ﬁere anprorxirately on 23--36
/i) lower than Lhsse of the low-alley stasls smi, M3l and ¥K. Loss of mechanical
strenpth by teel 3 withoat scale in five-year te;tsﬁanveared to be somewhat less
than lnsses of steels 7h71 ana *31; however, the mechanical strength of Steel 3
after the tests was annroxirately 25 C/0 less than.thp'rema}ninn strength of. steels

>¥hL1l and M31,

Table 6
l1.oss »f mecharizal oraonerties »f low-allo~ steals after S-rear lest in
Farents 3ea. g

nm:numq t 'Coﬂm -
' A | weern (0,), 2 [seapusy (o). y’-"*”' L :
5 3 no/mmt § . 7:!‘/7“"4 7 .
. ®

0O0palorns crenet t 3 y Sxi ‘n . 4 g . ? ¢ i{ ‘
R HEIE I AR

] -H] a g- a&s w | = | &S s Rr

Npoxar ¢ oxazs- Cr3if 32 | 20 | 38 | 42 | 30-] 290 | 24 | 18 | 28
O lol Coo CXJ 4§ ,“ 3 b 1) 5 40 0 i3 13 2
! MCi/p 4s | 32 | 20 | 58 | 4t | 22 ] 19| 15 | 21
MK /Y 45 38 20 57 ] 4% 21 17 15 12

Tepwawocxn obpa- |Cr3/p 28 | 2t | 26 | 390 | 20 | 23 | 25 | 20 | 20
\y Goramnus ¢ oxa. [CXJN Yar | 26 | 37 | et ar | )10 13w
Annoh MC1AS 46 | 20 | 34 | 57| s0 |30 | 20|15 | 2

. MK, 43 32 28 157 1 48 19 19 17 10

. e B - .

‘leprunweckn oGpa- | Cr.3 }728 9 | 32 | 30§30 |26} 25| 2] 12
Goranmue ppoGe- ICXJI4p¥4e | 30 | 27 | 36 42 | 28 | 19 | 15 | 21

V3 crpyemame [ MC1)S44 | 30 | R | 57 42 ) 26 | 20 | 97 | 2
MK o4 | 32 | 28 ‘ st 4|2l a0

1) Prozessing of steels; 2) T-me of steel; 3) vield noint (eg), ve/m2s L) Frisr
tn tost 5) after test; 6) loss of rield =»oint, 0/0; 7) .sﬂsile strength (og),
KC/mme: 3) lnss ot strength o/u; ) .lonpation (:3), 0/0; 1) Inlled with scale'
11) ‘eat treated with scale; 12) Meat treated, shot-neeﬁed 13) Steel 3; 14) 3KhL;

15) 1315 16) ¥X.
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Analysis of losses of mecharical wroverties ol steels due to corrosion
showed that a signiflicant lowering of mechanical pronerties of steels with scale
occurs in the {irst two rears of test in the sea; in sgnbsecuent vears, lowering
of mechanical nronerties occurs more slowly. Lowering of mechani~al nroverties
of stuels without scale occurs evenly over ihe ertire tast period. Ultimate
strensrth of 3teel 3 ard ¥ with scale was lowered by 23 3/0, and of steels SKhLl

d 1931 by 32 O/u. lowering of the ;ield -»eint of steel 3 and (X without scale
corstitutes 23 0/0, and for steels SYhLl and MS1 -- 27 Q/0.

Thus the data on the change of mechanical strength after corrosion confirmed
the conclusicne that steels 3¥hLl and 1%31 ccrrode less uniformly than Steel 3 and
MK,

Steel 1%, both with and witnout scale, shcwed the least losses of
mechanical nronerties, ifler tests the mecharical strength of this steel was

30--35 0/0) greater thar that of 3teel 3.

-

hus from consideration of the data on loss of weight ard mechanical strerrt
in the course of six-rear tests in the sea .t can be concluded that additions 1.
steel of the alloying comnonents Cu, i, Cr, anz I in a total not exceeding

2.5 0/0 do not increase the corrosion resistance of steels in sea water. Ilirlt
logses of these low-alle: steels during tests irn natural atmos-rere vwere 2--3
times less than those of carbon steels / 7 /. 3o great a differerce in the
corrosion beravior of steels in the sea and the atmosnhere, a»marentlr, is
exnlained & several causes.

It is known that the orocess of corrosicn of sieels In ssa waler noroceeds
with oxygen derolarization. Consequentlyr, tre sweed of corrosion is tasically
determined b;" the diffusion rate of oxygen into cathode sections of the netal.

sven with a small quantity o cathode sections the entire content of ox, :n
in water can bte used; the access of the oxppen is limited by diffusion rate. A

-

further increase in the numter of cathode sections does not tring with it an

ag

increase in the quantiiy of oxgrgen arriving at the cathods in a unit of time.
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A8 a result, the corrosion of 3teels nroceea at a sinple snsed, regardless of how
much of the surface of the metal is constituted of cathode.

Another cause, thanks to which carbon and iow-alloy steels corrode sea water
at identical sneeds, corsists in the fact that if the corrosion nrocess oroceed
So that cathodic and anodic nolarization nlay identical roles, then change of
area of cathode wi  not tring with it an increase in corrosion current. This

is illustrated granhically by the ivans diagram (Fig. 2).
'

\
VA

/) Inake
Fig. 8. “vans diagram, showing that raximum corrosion current does not
change, if with an increase in F, there is a simultaneous decrease in Fis
with a correznonding change of nolarization (G. 7. Akimov /1 /).
1) Maxiram_

Conclusions
Results of six-rear tests cf steels irn the Farents Sea showed the following.

1. 7ie low-alloy steesls 3KhL1l, I'51, and ¥X and the carbon steel Steel 3
during 1l submersion in the sea ﬂorrode at aomroxirately -den ical sneeds.
Their weight losses after six -cars constituted 2.5--3 lp/m The averape sweed
~f corrosion of the steels diring {11 sakrersion ir the sea coratituates C.5
k=/m< ~er rear. Termeabilit: or loss of thiciness of metal corstitutes ©._¢& mm/
cear (calculation on even corrosmn).

2, Steels 3ITL1 and 131 rhave a sonevhat larrer Incliination to pitting than
eel 3 and "7 which corrcle rmore eve-ly; jteel 3 :crrodes esreclially
evenlr Jew:; o5 corrosion »its of steels 5hll and (Ul after five rears attains

~

s In, c“t denth of corrosion nits on 3ieels 3 and i cconstitutes only O.4--G.C mm.
3. S5need of corrosion of steels without scale is 5-10 /0 less than that

of 3teels with scale. Steels wilhoul scale corrode more evenly than those with
scale,

L. Heat trcatment of Steel 3 increases its corrosion resistance oy 20 0/,
Yeat treatment of steels 31, SKhlLl, and :X does not have an esseniial nfl:ence
on their corrosion resistance.

5. loss of mechanical strernpth of steels, i.e., locss of ultirmate strergth
ard rield noint after five-jear tesis in tre sea, constitutes from 2C to 37 9/0.

17




6. 3teels S7nll and 31 showed somewhat larger losses of mechanical
wronerties than Steel 3 a-d K.

7. ¥ Sveel with all variants of nrocessing has anoroximately identical
lnss of mecharical nronerties, wnich attests to the evenness of the corrosion
. J
of this steel stood.

«ik Conclusion

The average sneed of corrosion in tte sea of the tested steels is almost
identical. Consequently, alloving by small additions of Cr, !li, Cu, and Mr does
not ircrease corrosion resistance of the steel In the sea 4o a noticeatle degree,

Low-allcr stecis differ from carbon by the fact that ther crrrnle less
evenly in the sea. This »~ronctes a somewhat large 12ss of their mechanical
sronerties (b 5--3 OO, as comnared with Steel 3).

/
. ,/
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